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approach i s  t o  record the l e v e l s  of induced v i b r a t i o n s  and associated indoor/  
outdoor no ise l e v e l s  i n  selected homes, h i s t c r * i c  and other  b u i l d i n g s  near Dul'les 
I n t e r n a t i o n a l  A i r p o r t .  Presented here in are representat ive data recorded a t  S u l l y  
P lantat ion,  C h a n t i l l y ,  V i r g i n i a  dur ing  the per iods o f  May 20 through May 28, 1976, 
and June 14 through June 17, 1976. 
the  v i b r a t i o n  l e v e l s  o f  windows, wal ls ,  f l o m s ,  and the noise associated w i t h  
Concorde operat ions,  o ther  a i r c r a f t ,  and n o n a i r c r a f t  events. The r e s u l t s  presente 
i n  t h i s  r e p o r t  are drawn from the  combined Nay-June data base which i s  considerabl 
l a r g e r  than the May data base covered i n  the f i r s t  repor t ,  NASA TM X-73919. 
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CONCORDE NOISE-INDUCED BUILDING VIBRATIONS 
SULLY PLANTATION - REPORT NO. 2 
CHANTILLY, V I R G I N I A  
By Staf f -Langley Research Center* 
SUMMARY 
This  i s  the second r e p o r t  on a s e r i e s  o f  planned stud ies t o  assess the 
The noise-induced b u i l d i n g  v i b r a t i o n s  associated w i t h  Concorde operat ions.  
approach i s  t o  record the l e v e l s  o f  induced v i b r a t i o n s  and associated indoor/  
outdoor no ise l e v e l s  i n  se lected homes, h i s t o r i c  and o ther  b u i l d i n g s  near Du l les  
I n t e r n a t i o n a l  A i r p o r t .  Presented here in  are representa t ive  data recorded a t  
Sully Plantat ion,  C h a n t i l l y ,  V i r g i n i a  dur ing the  per iods o f  May 20 through 
May 28, 1976, and June 14 through June 17, 1976. Recorded data prov ide r e l a t i o n -  
ships between the  v i b r a t i o n  l e v e l s  o f  windows, wa l ls ,  f l o o r s ,  and the  noise 
associated w i t h  Concorde operations, o ther  a i r c r a f t ,  and n o n a i r c r a f t  events. 
r e s u l t s  presented i n  t h i s  r e p o r t  a re  drawn from the combined May-June data base 
which i s  considerably l a r g e r  than the  May data base covered i n  the  f i r s t  repor t ,  
NASA TM X-73919. 
r e s u l t i n g  from Concorde operat ions a r e  h igher  than the  v i b r a t o r y  l e v e l s  associated 
w i t h  conventional a i r c r a f t .  Furthermore, the v i b r a t o r y  responses o f  the  windows 
The 
The l e v e l s  o f  window, w a l l  and f l o o r  v i b r a t o r y  response 
a r e  considerably higher than those o f  the w a l l s  and f l o o r s .  
i s  h igher f o r  a i r c r a f t  than reccrded nona i rc ra f t  events and e x h i b i t s  a l i n e a r  
response r e l a t i o n s h i p  w i t h  the o v e r a l l  sound pressure l e v e l .  
pressure l e v e l ,  the Concorde may cause more v i b r a t i o n  than a conventional a i r c r a f t  
due t o  spect ra l  o r  o ther  d i f fe rences .  
Concorde appear t o  be much more dependent upon sound pressure l e v e l  than spec t ra l  
o r  o ther  c h a r a c t e r i s t i c s  o f  the noise.  
The window response 
For a g iven sound 
However, the responses associated w i t h  
-_ - _- _ _ _  - - - _I- --- 
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INTRODUCTION 
The v i b r a t o r y  response of h i s t o r i c  and o ther  b u i l d i n g s  r e s u l t i n g  from 
Concwde operat ions and the associated e f f e c t s  i n  terms o f  s t r u c t u r a l  damage 
and human annoyance have been the subject  of p u b l i c  concern ( r e f .  1 ) .  
r e s u l t  o f  t h i s  concern, measurements o f  Concorde noise-induced b u i l d i n g  
v i b r a t i o n s  ( w f .  2 )  are being conducted as p a r t  o f  the  t o t a l  Concorde assess- 
ment program. The f i r s t  stydy i n  t h i s  phase of the  assessment was c a r r i e d  o u t  
a t  Sully P l a n t a t i o n  dur ing t h e  t ime per iod  of May 20 through May 28, 1976, and 
repor ted i n  NASA TM X-73919 and ( r e f .  3 ) .  
S u l l y  P lan ta t ion  from June 14 t o  June 17, 1976, t o  expand the  data base. 
r e s u l t s  from t h e  combined May-June data base a r e  presented here in.  
As a 
A second study was conducted a t  
The 
The approach t o  the assessment o f  Concorde noise-induced b u i l d i n g  
v i b r a t i o n s  invo lves the f o l l o w i n g  steps: 
response of windows, wal ls ,  and f l o o r s  f o r  se lected h i s t o r i c  (e.g., S u l l y  
P lan ta t ion) ,  and o ther  bu i ld ings ;  ( 2 )  the  development o f  funct ional  r e l a t i o n -  
ships ( "s ignatures")  between the v i b r a t i o n  response o f  b u i l d i n g  elements and 
the range o f  outdoor and/or indoor no ise l e v e l s  associated w i t h  events of 
i n t e r e s t ;  ( 3 )  a comparison o f  the Concorde induced response w i t h  the response 
associated w i t h  o ther  a i r c r a f t  as we l l  as common domestic events and/or c r i t e r i a .  
The development o f  v i b r a t i o n / n o i s e  r e l a t i o n s h i p s  o r  s ignatures (s tep  2 )  a l lows 
one t o  determine the response o f  the s t r u c t u r e  under study o r  a s i m i l a r  
s t r u c t u r e  t o  any ( s i m i l a r )  no ise l e v e l  o f  i n t e r e s t .  
r e l i a n c e  on maximum response l e v e l s  and the associated s t a t i s t i c a l  d i f f i c u l t y  
r e s u l t i n g  from s m a l l  sample s izes.  Also the prec ise  l o c a t i o n  o f  the noise 
source i s  n o t  essent ia l  t o  t h i s  approach. 
( 1 )  the  measurement of the v i b r a t o r y  
This  procedure reduces the 
2 
This  repor t ,  which i s  the  second i n  a ser ies  o f  repor ts ,  inc ludes a b r i e f  
overview of the  t e s t s  conducted a t  S u l l y  P l a n t a t i o n  i n c l u d i n g  data a c q u i s i t i o n  
and reduct ion schemes, a l o g  o f  the recorded events, and r e s u l t s .  Resul ts a re  
presented i n  terms o f  the  l e v e l s  o f  v i b r a t i o n  and n o i s e  associated w i t h  
Concorde, o ther  a i r c r a f t  and n o n a i r c r a f t  events, the  v ib ra t ion-no ise  r e l a t i o n -  
ships o r  s ignatures ( f o r  the window) associated w i t h  the a i r c r a f t ,  and 
comparisons o f  Concorde induced response w i t h  o ther  a i r c r a f t  and n o n a i r c r a f t  
events. 
TEST SITE DESCRIPTION 
Locat ion 
F igure 1 shows the l o c a t i o n  o f  S u l l y  P l a n t a t i o n  adjacent t o  S u l l y  Road 
( V i r g i n i a  State Route 28) 1.2 k i lometers n o r t h  o f  U.S. Route 50 i n  C h a n t i l l y ,  
V i r g i n i a .  
access road and approximately 2.2 k i lometers south-southeast from the  end o f  
Du l les  A i r p o r t  Runway 19L. 
The P lan ta t ion  i s  6.4 k i lometers south o f  the  Dul les A i r p o r t  
S t r u c t u r a l  Deta i  1 s 
Figure 2 i s  a photograph o f  the east e l e v a t i o n  o f  S u l l y  P l a n t a t i o n  showing 
an A i r  France Concorde depar t ing from runway 1 9 i .  As described i n  reference 4, 
the  b u i l d i n g  i s  a two and one-hal f  s t o r y  c e n t r a l  sec t ion  f lanked by asymmetrical 
one and one-half s t o r y  gabled wings. I t s  foundat ion o f  red sandstone, averaging 
almost 60 cm i n  thickness, support w a l l s  which are  sheathed by clapboards t h a t  
cover a heavy mortise-and-tenon framing. 
the  house are  i r lsu la ted by means o f  the comnon 18th  century "nogging" ( f i l l e d  
w i t h  b r i c k ) .  
i n  reference 3. 
The w a l l s  o f  the e a r l i e s t  p o r t i o n  o f  
Photographs showing s t r u c t d r a l  d e t a i l s  o f  the w a l l  a re  presented 
Random w i d t h  p ine f l o o r i n g  at tached d i r e c t l y  t o  f l o o r  j o i s t s  
3 
i s  used throughout the house (no sub f loo r ) ,  Windows are genera l l y  t he  12 over 
12 sashing type w i t h  some being 9 over 9, 6 over 9, and 6 over 6. O f  the 324 
window panes a t  Sul ly ,  ha l f  are o r i g i n a l  and a t y p i c a l  pane measures 20.3 cm 
by 25.4 cm and var ies  from 0.16 cm t o  0.32 cm i n  th ickness. 
nave been covered w i t h  t ransparent p l a s t i c  Sco tch - t i n t  f i l m  t o  a i d  i n  
r e f  1 e c t  i ng sun1 i ght  . 
A l l  o f  the panes 
The f i r s t  f l o o r  of S u l l y  contains th ree  major rooms i n  a d d i t i o n  t o  the  
main entrance hal lway. 
and a small lodg ing  room. 
The ups ta i r s  has two spacious bedrooms, a l a rge  chamber, 
Figure 3 shows a p lan  view o f  the f i r s t  f l o o r  o f  S u l l y  P lan ta t i on  
i nc lud ing  t e s t  instrui i ier i tat ion loca t ions .  
systems were loca ted  i n  the p a r l o r  and south drawing room; i n  the June t e s t  
on ly  the  no r th  p a r l o r  was instrumented. 
th ree  accelerometers and one microphone f o r  each room. 
instruments i s  shown i n  f igures  4 through 6. 
o f  the b u i l d i n g  as shown i n  the f i gu re .  
I n  the  May t e s t ,  the inst rumentat ion 
The instrument systems consis ted o f  
I n s t a l l a t i o n  o f  the  
Microphones were loca ted  ou ts ide  
DATA LOG 
Data a t  the S u l l y  P lan ta t i on  t e s t  s i t e  were recorded dur ing  the  per iod  
May 20 through May 28, 1976, and June 14 through June 17, 1976. 
chronological  l i s t i n g  o f  events dur ing  the  May t ime per iod  and Table I 1  i s  a 
l i s t i n g  f o r  the June t e s t s .  
no t  on ly  a i r c r a f t  operat ions and room c a l i b r a t i o n s  but t y p i c a l  hcuse Gciurrences 
such as v i s i t i n g  tour  groups, a vacuum cleaner,  cha i r  f a l l i n g ,  e t c .  
of recorded events f o r  both t e s t  per iods i s  presented i n  Table 111. 
Table I i s  a 
A t o t a l  o f  169 events were measured which icc luded 
A sumimry 
4 
DATA ACQUISIT ION AND PROCEDURE 
Ins  triimer?ta t i  on 
The d e t a i l s  o f  the  ins t rument3 t ion  system deployed dur ing  the  May t e s t s  
a re  described i n  reference 3 .  
Planta t ion ,  June 1376, was conducted us ing J mobi ie  l abo ra to ry  conta in ing  bo th  
an analog a c q u i s i t i o n  system and an on - l i ne  d i g i t s 1  processing system. 
were obtained on ly  from the  p a r l o r  o r  n o r t h  room dur ing  the  June +es t  and 
consis ted o f  acous t ic  measurements of i n t e r i o r  and e x t e r i o r  sound pressure l e v e l s  
as w e l l  as v i b r a t i o n  l e v e l s  o f  t he  f l o o r ,  e x t e r i o r  wa l l ,  and window. Conven- 
t i o n a l  Bruel and Kjaer  equipment was used f o r  the  sound measurements and 
p i e z o e l e c t r i c  c r y s t a l  accelerometers, employing in-house developed s igna l  
cond i t ion ing ,  were used f o r  the  v i b r a t i o n  measurements. 
on analog FM tape f o r  f u r t h e r  ana lys is .  
v i b r a t i o n  response versus ou ts ide  sound pressure l e v e l  were obtained f o r  many 
o f  t he  events. 
General Radio 1926 t r u e  rms 109 vo l tmeter  which provided o v e r a l l  o r  magnitude 
values each one-hal f  second f o r  t he  f i v e  in fo rmat ion  channels. A Hewlet t -  
Packard 2!M20 d i g i t a l  computer was then used t o  assemble these data i n t o  
tabu la t ions  o f  the  t ime h i s t o r y  valdes f o r  l i n e  p r i n t i n g  and f o r  "Calcomp" 
p l o t s  o f  the acoust ic  t ime h i s t o r i e s  as we l l  as p l o t s  o f  se lected acce le ra t i on  
l e v e l s  as a func t ion  of ou ts ide  sound pressure l e v e l s .  
diagram o f  the  instrument system used in t h i s  t e s t .  
The second w r i e s  o f  measurements a t  S u l l y  
Ddta 
A1 1 da ta  were recorded 
On-l ine analog x-y p l o t s  o f  window 
The primary system used f o r  on - l i ne  a c q u i s i t i o n  consis ted of a 
F igure 7 1 5  a b lock 
Frequency Response and Cal i b r a t i o n  Procedures 
I n  a d d i t i o n  t o  extensive p r e t c s t  documentation o f  frequency response, 
dev ia t i on  l i n e a r i t i e s ,  gain accuracies and dynamic range, d a i l y  c a l i b r a t i o n s  
consisted o f :  tape recorder sensi t i v i t y  ( d e v i a t i o n )  checks, p ink noise 
(vo l tage)  i n s e r t i o n  i n  the microphone channels, one-hal f  v o l t  s ine wave 
reference vol tage i n s e r t i o n  i n t o  accelerometer channels, and 250 Hz p i s ton -  
phone acoust ic c a l i b r a t i o n  o f  t he  microphone systems f o r  p r e t e s t  and p o s t t e s t  
as a minimum and more f requent ly ,  t ime pe rm i t t i ng .  Frequency response o f  the 
acoust ic channels i s  nominal ly t 1 dB over the range from approximately 5 H t  
t o  10 kHz and ? 1/2 dB over  the range from apprGximately 3 Hz t o  i n  excess of 
3 kHz f o r  the accelerometer channel s .  
Test Procedures and Comiiiunications 
Visual observat ion o f  a i r p o r t  a c t i v i t y  v i a  an opening i n  the roof  of the 
house, mon i to r ing  tower communications w i t h  a i r c r a f t  i n  the area, and/or 
spot ters  located some distance from the p l a n t a t i o n  were used t o  i d e n t i f y  
a i r c r a f t  operat ions as we l l  as t o  c o n t r o l  and coordinate data a c q u i s i t i o n .  
Time code was recorded t o  provide a common t i m e  f o r  use i n  l a t e r  analys is .  
Because the computer requi red 5 t o  10 minutes t o  cor ip le te ly  analyze edch 
f l yove r ,  those events which were n o t  obtained i n  r e a l  t ime w i t h  the computer 
were r e a d i l y  obtained f rom tape ?layback. 
6 
Reference Acoustic Source 
To prov ide a c o n t r o l l e d  acoust ic  i n p u t  i n t o  each o f  the  rooms, an A?tec 
Model 9844A, p l  aybacklmoni t o r  speaker system having a frequency response 
extending from approximately 50 Hz t o  15 kHz was used as the  transducer. 
speaker system cocta ins two 12 i n c h  (30.48 cm) speakers and a high-frequency 
horn. 
a hand-held sound l e v e l  meter) were impressed on the  w a l l  from approximately 
6 f e e t  (1.83 meters) away and data recordings made. 
was a l so  performed. 
e s s e n t i a l l y  as i t  was pos i t ioned f o r  the  c t i l i b r a t i o n  tes ts .  
The 
USASI shaped noise spectra a t  several acoust ic  l e v e l s  (as monitored on 
Some s ine  wave t e s t i n g  
F igure 8 shows t h i s  system i n  t h e  p a r l o r  ( n o r t h  room) 
PRESENTATION !IF RESULTS 
The data obtained dur ing  the  May t e s t  per iod  i nd i ca ted  t h a t  the  maximum 
v i b r a t o r y  response r e s u l t i n g  from a i r c r a f t  operat ions occurred i n  the  n o r t h  room 
( p a r l o r )  which faces the  Dul les runways and was associated w i t h  a i r c r a f t  takeof f  
operations. 
w i th  Concorde operations, however, t he re  were too  few Concorde operat ions t o  
compare ( w i t h  confidence) Concorde w i t h  o ther  a i r c r a f t .  
o f  t e s t s  was conducted dur ing  June 1976 t o  extend the  data base. 
recorded i n  the  n o r t h  room on ly  dur ing  the  June se r ies  and were l i m i t e d  t o  
takeo f f  operat ions . 
Furthermore, t h e  maximum a i r c ra f t - i nduced  v i b r a t i o n s  were associated 
Thus, a second se r ies  
Data were 
Levels o f  V i  b r a t i o n  
The mdx im i im  l eve l s  of v i b r a t i o n  recorded on the  windows, w a l l s  and f l o o r  
f o r  the var ious evetits a re  shown i n  Tables I V  and V and f i g u r e s  9 through 11 
along w i t h  thz  associated o v e r a l l  sound pressure l e v e l s .  I n  general,  each bar 
7 
conta ins the  maximum values recorded f o r  several events. The Concorde induced 
response i s  seen t o  exceed the  response due t o  o the r  a i r c r a f t  and n o n a i r c r a f t  
events f o r  the  window. 
g rea ter  response f o r  nona i r c ra f t  events. 
a re  considerably  lower than the  window response which may be due t o  the  
The w a l l  and f l o o r ,  however, e x h i b i t  comparable o r  
The responses of the  f l o o r  and w a l l  
a t y p i c a l  cons t ruc t ion  such as "nogging" and l a r g e  f l o o r  j o i s t s .  
Signatures 
I n  o rder  t o  q u a n t i t a t i v e l y  assess the  r e l a t i o n s h i p s  between a i r c r a f t  no ise  
l e v e l s  and the  corresponding l e v e l s  o f  v i b r a t i o n  induced i n  toe  window, response 
s ignatures ( p l o t s  o f  window aL<e lera t ion  versus sound pressure l e v e l )  were made 
f o r  each f l y o v e r  event. A l e a s t  squares regress ion ana lys i s  was perfcrrmed f o r  
s t r a i g h t  
was a l s o  
l i n e  f i t  
c o r r e l  a t  
c o r r e l  a t  
r e  t a  i ned 
each s ignature t o  c a l c u l a t e  the  slope and o rd ina te  i n t e r c e p t  f o r  t he  bes t  
l i n e  f i t t i n g  the response s ignature data. 
ca lcu la ted  f o r  each s ignature  t o  determine how w e l l  t he  bes t  s t r a i g h t  
A c o r r e l a t i o n  coe f f i c i en t  
the  data. 
on) t o  one (per fec t  c o r r e l a t i o n ) .  
on c o e f f i c i e n t  exceeded an a r b i t r a r i l y  se lected th resho ld  o f  0.6 were 
f o r  f u r t h e r  q u a n t i t a t i v e  dt ia lys is .  Data f o r  several eLents were then 
The c o r r e l a t i o n  c o e f f i c i e n t  can range from zero (no 
Response s ignatures f o r  which the  
grouped by a i r c r a f t  type and the  composite response s ignatures d isp layed i n  
f i gu res  12 through 16 were generated. 
a re  the  slopes, o rd ina te  in te rcepts ,  and c o r r e l a t i o n  c o e f f i c i e n t s  f o r  each o f  
the events used t o  compile the  composite response s ignatures i n  f i g u r e s  12 
through 16. 
composite c ignatures.  
f l i g h t s  was a lso  generated ( f i g u r e  1 7 )  f o r  comparison w i t h  the Concorde 
s ignature ( f i g i t r e  12) .  
L i s t e d  by a i r c r a f t  type i n  Table V I  
Also l i s t e d  i n  Table V I  a re  the s t r a i g h t  l i n e  parameters f o r  these 
A composite response s ignature  based on a1 1 non-Concorde 
8 
Comparative Response 
It has been suggested t h a t ,  for  a given sound pressure l e v e l ,  v i b r a t i o n  
induced i n  s t ruc tu res  by Concorde may be d i f f e r e n t  than v i b r a t i o n  l e v e l s  ( r e f .  5) 
-induced by conventional j e t  t ranspor ts .  
were generated i n  which, f o r  a given sound pressure l e v e l ,  Concorde induced 
v i b r a t i o n  l e v e l s  were d i v ided  by the v i b r a t i o n  l e v e l s  caused by conventio- 1 
a i r c r a f t .  (The v i b r a t i o n  l e v e l s  were determined from the regression curves i n  
f igures 12 through 17.) These "response r a t i o s "  were then p l o t t e d  ( f i g u r e  18) 
as a f u n c t i o n  o f  sound pressure l e v e l .  
number o f  i n d i v i d u a l  a i r c r a f t  are presented. 
composite response r a t i o  curve fo r  a l l  conventional a i r c r a f t  compared t o  
Concorde, based on the regression curves o f  f i g u r e s  12 and 17. 
r a t i o s  suggest t h a t  f o r  sound l e v e l s  o f  about 90 t o  100 dB and below ( t h e  range 
o f  most conventional a i r c r a f t  operat ions near S u l l y ) ,  the Concorde genera l l y  
induced lower v i b r a t i o n  l e v e l s  i n  the n o r t h  p a r l o r  window than d i d  conventional 
j e t  t ranspor ts .  A t  h igher sound l e v e l s ,  the Concorde i s  apparent ly more 
e f f i c i e n t  i n  e x c i t i n g  a window response; however, t h i s  l a s t  conclusion i s  
necessar i ly  based on an ex t rapo la t i on  of conventional j e t  noise t o  higher l e v e l s  
and must the re fo re  be construed as t e n t a t i v e .  The DC-8 represents one exce,tion 
t o  the general trend; i t  c o n s i s t e n t l y  generated higher v i b r a t i o n  l e v e l s  i n  the 
window than the Concorde f o r  a given souiid l e v e l .  
because o f  the higher stiund l e v e l s  associated w i t h  Concorde operations, maximum 
absolute v i b r a t i o n  l e v e l s  induced i n  the window by Concorde are genera l ly  higher 
than the peak v i b r a t i o n  l e v e l s  induced by conventional a i r c r a f t .  
To i n v e s t i g a t e  t h i s  question, curves 
I n  f i g u r e  18a, response r a t i o s  f o r  a 
Fic,ure 18b represents the 
These response 
I t should be noted tha t ,  
9 
CONCLUDING REMARKS 
The 'Jllowing conclusions are based on building vibratory respcnse measure- 
ments a t  Sully Plantation for 128 aircraf t  flyovers ( 7  Concorde) and 21 
household or other activit ies including door slams, radio, vacuum cleaner, 
t raff ic  noise, etc.  
facing the runways and wa: associated with takeoff operations. 
comments apply t o  the north room d u r i n g  the May-June 1976 tes t  series:  
Maximum response t o  a i rcraf t  was recorded in a north room 
The following 
1 .  The Concorde noise-induced vibration levels of the windows, walls and 
floors are higher by a factor of 2 or more t h a n  the levels resulting from 
conventional a i rcraf t  operations. 
2. The window response levels associat.ed with aircraf t  operations 
(0.432 grms maximum) are higher by a factor of 2 or more t h a n  the wall and floor 
response possibly due t o  the atypical heavy construction of the walls and floors 
a t  Sully. 
3 .  The window response i s  higher for aircraFt t h a n  nonaircraft events, 
the wall response t o  aircraft  and nonaircraft are comparable, and the nona'rcraft 
events result in higher floor response. 
4.  A t  a given sound pressure level, the window generally responds 
somewhat differently t o  different a i rcraf t ,  however, these aircraft-to-aircraft  
variations are small compared t o  the rznge of vibratim levels encountered for 
a given flyover. 
induced in the window during a flyover depend more on the overall sound pressure 
level associated h i t h  t h a t  flyover than  on any other characteristics of the source. 
This res'ullt suggests t h a t  the absolute vibration levels 
5 .  AI. a given sound pressure level, the Conccrde may cause slightly more 
window vibration response than conventioml aircraf t  when ;he noise levels are 
10 
h igh  and lower r e l a t i v e  response when the  noise l e v e l s  a re  low. The response 
r a t i o  ca lcu la ted  from measured data (Concorde g / a i r c r a f t  g )  ranged from a 
maximum o f  2 a t  h igh  noise l e v e l s  t o  about 0.5 a t  low l e v e l s ,  
6. ?he window response e x h i b i t s  a l i n e a r  r e l a t i o n s h i p  w i t h  o v e r a l l  
sound pressure l e v e l .  The responses of t he  w a l l s  a rA  f l o o r  a re  no t  o f  
s u f f i c i e n t  range t o  develop a m i s e - v i b r a t i o n  r e l a t i o n s h i p .  This  l a t t e r  f a c t  
suggests t h a t  more t y p i c a l  b u i l d i n g  s t ruc tu res  be examined t o  determine such 
re1 a t  i ons h 1 ps . 
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TABLE 111.- SUMMARY OF RECORDED EVENTS 
707 
727 
737 
747 
DC-8 
DC -9 
DC-10 
BAC-111 
L-1 01 1 
He1 i copter 
General Av ia t ion  Je t  
R-5 Navy Propel ler  
C-130 Propel l e r  
Concorde 
TOTALS 
Tour Groups 
Door Slams 
Chair Step 
Chair Drop 
Book Drop 
Radio Playing 
Vacuum C1 eaner On 
Trucks Passing By 
TOTALS 
AIRCRAFT EVENTS 
May 20-28, 1976 
TAKEOFF LAND I NG 
5 6 
7 9 
0 0 
4 
2 3 
2 2 
0 0 
3 0 
0 0 
1 0 
2 1 
0 1 
1 0 
3 
L 
June 14-17, 1976 
TAKEOFF LANDING 
17 0 
18 0 
2 0 
6 0 
11 0 
6 0 
7 0 
0 0 
2 0 
0 0 
1 0 
0 0 
0 0 
28 28 72 0 
SPECIAL EVENTS 
May 20-28, 1976 June 14-17, 1976 
6 0 
17 4 
Cal ibrates - 20 
Total Events - 169 
TABLE 1V.- MAXIMUM VALUES OF AIRCRAFT TAKEOFF 
VIBRATION RESPONSE MEASUREMENTS 
Ex te r i  w OA Acceleration, gms 
SPL, dB* 
A i r c r a f t  Event Overal l  Window Nail F1 oor 
- 
Concorde 141 106.1 .432 .048 .024 
142 81.1 .019 .010 .008 
176 85.3 .039 .012 .014 
21 0 107.7 .335 .038 .166 
266 106.6 .351 .047 .077 
DC-8 113 95.2 .090 .013 .017 
207 92.6 
21 4 86.3 
223 95.1 
231 95.4 
242 99.5 
247 84.8 
2 50 98.1 
255 98.2 
. lo5 
.055 
.182 
.209 
.229 
.052 
.138 
.155 
.020 .046 
-018 .021 
.020 .018 
.021 .025 
.023 .016 
.017 .016 
.018 .020 
.018 .018 
264 93.5 .091 .025 .030 
8-707 112 95.0 .044 .014 .021 
149 
195 
197 
201 
202 
209 
21 9 
220 
221 
225 
226 
229 
232 
251 
100.2 
88.0 
94.4 
91.5 
90.6 
94.0 
88.0 
86.7 
80.5 
86.7 
88.0 
88.5 
91 .o 
92.2 
98.8 
90.9 
.160 
.076 
. lo6 
.078 
,082 
.130 
.045 
.064 
.032 
,075 
.079 
.063 
.052 
. lo8 
.145 
.064 
.928 .021 
.315 .019 
.016 .031 
,015 .024 
.015 .027 
.020 .046 
,019 -018 
-018 .015 
.017 ,018 
.022 .019 
.019 ,019 
,018 .017 
.020 .017 
.020 .022 
.021 .024 
.016 .014 - 254 103.4 119 020 01 8 
8-727 115 86.2 .120 .025 .023 
151 90.3 .078 .019 .017 
152 82.2 .041 .019 ,018 
198 88.0 .064 .015 .022 
*SPL values correspond t o  max v i b r a t i o n  l eve l  and GO not  necessari ly 
represent max recorded SPL values . 
TABLE I V  (Concluded) .- MAXIMUM VALUES OF AIRCRAFT TAKEOFF 
VIBRATION RESPONSE MEASUREMENTS 
Ex ter io r  OA Accelerat ion, grms 
SPL, dB* 
A i rc ra  F t  Event Overal l  W 5 ndow Wall F1 oor 
8-727 203 87.3 .068 .016 ,028 
(Cont 'd)  205 83.3 .060 .016 .016 
21 1 86.4 ,067 .019 .035 
21 2 95.1 .092 .021 .026 
21 6 88.0 .072 .022 .026 
21 7 87.3 .076 ,018 .034 
227 88.8 .093 .025 ,019 
236 89.0 .078 .019 .017 
2 38 88.0 ,058 .016 .c19 
239 90.9 .073 .019 .016 
241 94.8 .072 ,018 .020 
259 87.9 .038 .022 ,026 
260 90.1 .063 .023 .027 
26 1 93.2 062 ,026 .030 
L-101'1 222 88.5 .064 .018 .016 
249 87.6 ,046 .018 .016 
DC-9 116 86.1 .037 ,013 .013 
21 5 83.6 .046 .017 .017 
2 i  8 83.2 .035 ,020 .018 
233 82.9 .057 .020 .c17 
243 82.3 .035 .018 .018 
248 85.0 .036 .016 .015 
265 84.4 045 01 6 01 6 
DC-10 206 83.4 .037 .016 .017 
224 84.4 .046 .016 .016 
228 85.1 .044 ,023 ,019 
244 83.7 .034 .018 .018 
252 86.5 .036 .0:4 .014 
253 80.3 07-' 01 6 01 5 
B-747 153 88.8 .051 .022 .020 
192 92.0 .091 .013 .014 
200 87.1 - 052 .016 .017 
21 3 85.7 .046 .019 .018 
234 86.5 .054 .017 -017 
240 92.6 .089 .020 .019 
246 85.9 .054 .016 .016 
2 58 83.8 .043 .013 .013 
-- - c__ -- 
*SPL values correspond t o  max v ib ra t i on  leve l  and do not  necessar i ly  
represent max recorded SPL values . 
A c t i v i t y  
Tour Group 
Vacuum Cleaner 
USASI Noise 
USASI Noise 
USASI Noise 
USASI Noise 
Book Drop** 
Step From 
TABLE V.- MAXIMUM VALUES OF VIBRATION RESPONSE 
DATA DUE TO SPECIAL EVENTS 
OA SPL, dB* OA Acceleration, gms 
F1 oor -- Event __ E x t .  I n t .  Window Wall 
1'5 NA 73.3 .01s .013 .068 
166 NA 96.3 . lo5 .025 .065 
167 NA 85.0 .025 .015 .018 
168 NA 91.0 .042 .016 .023 
163 NA 96.0 .OB4 .020 .036 
170 NA 102.0 .143 .029 .064 
268 NA NA ---- .18 3.8 
Chair t o  F1 oor** 269 NA NA ---- .04 1 .o 
T r a f f i c  186 70.8 --- .013 .013 .013 
*SPL values correspond t o  rnax v i b r a t i o n  l e v e l  and do no t  necessar i ly  
represent max recorded SPL values. 
**Peak accelerat ion l eve l ,  g 's.  
TALILE VL- RESPONSE SIGNATURE PAAAnLTCRS 
L Cmcorde 
- Event 
266 
141 
142 
176 
210 
tqpposi te 
slope 
-851 
1.31 
-5% 
-6% 
.%9 
-971 
v-Int. 
18.36 
-27.3 
35.36 
34.06 
4.601 
5.454 
--- toef. 
* 914 
-965 
-384 
-607 
-862 
.915 
k. Pts. 
19 
30 
19 
25 
22 
115 
207 
214 
223 
26u 
23 I 
242 
2 9  
1 .  
149 
255 
Coaposi t e  
-363 8.582 
8.059 
-4.18 
4.372 
-4.18 
-881 3 
3.676 
-5.07 
17.48 
-18.4 
6.63C. 
,806 
-684 
.a04 
-863 
-937 
-777 
-954 
-918 
-915 
-841 
.a31 
30 
30 
30 
33 
39 
33 
37 
-9; 1 
1.12 
1.00 
1-11 
1.03 
1.00 
1.12 
.851 
1.25 
-982 
29 
40 
30 
339 
c. E 
195 
197 
201 
202 m 
21 9 
225 
226 
229 
235 
237 
251 
112 
150 
190 
254 
colnposi t e  
-802 
-774 
-81 3 
. m 9  
.910 
- 720 
-986 
- No 
-91 1 
-963 
.939 
-817 
? -09 
- 839 
-939 
-764 
.770 
2 3 . P  
25.68 
22.15 
15.33 
12.64 
29.15 
8.522 
21.88 
15.05 
9.353 
11 -21 
21 -46 
-5.36 
14.32 
9.776 
24.50 
24.78 
-624 
-766 
-725 
-757 
-707 
-703 
.616 
-794 
-647 
-627 
-864 
-717 
-885 
.8S2 
.929 
-953 
-768 
23 
27 
18 
27 
27 
24 
13 
31 
20 
19 
24 
20 
24 
15 
22 
22 
356 
0. a 
205 
21 1 
212 
236 
241 
260 
261 
151 
Composite 
-701 
.917 
.596 
1-09 
.428 
-586 
.522 
.796 
.596 
31.69 
14.04 
-1.14 
54.44 
41.42 
47.29 
23.66 
40.49 
40. SEI 
-666 
-638 .no 
.865 
-695 
.823 
-846 
.678 
.685 
19 
17 
27 
17 
21 
17 
19 
25 
162 
E. 
5 
23 
31 
26 
31 
. 
954 
21 3 
192 
240 
246 
200 
Campos i t e 
1.17 
.726 
.732 
.E78 
1.04 
.67? 
-7.90 
27 11 
?f 
1 c .  La 
2.088 
32 .X 
.969 
.766 
.800 
.650 
.774 
F. 
c&postte .021 21 .o: 
1 
I 
\9 R 
\ c  
p9 
---7 
-. 
-7, 
-1 
I 
I 
I 
SULLY 
PLAMTATIOAJ 
Figure 1.- Location o f  Sully Plantation 

Figure 3.- F i r s t  f l o o r  p lan view showing transducer locations. 
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RESPONSE S I G N A T U R E  F O R  CONCORDE 
I I 1 - 
60 .OO 70 .o(i YO .oo 90 .OD 1GO.00 1 IC .OC I 
SPL ( 0 6  RE 20 V I C R O P R S C f 3 L S I  
1.0 
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g rms 
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0.r)Ol 
.oo 
Figure 12.- North window vibration response for Concorde takeoff. 
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Figure 13.- North window v ibra t ion  response for DC-8 ti.keoff. 
. 1.0 
2 
I' 
1- 
' 0.1 
9,s 
0.01 
0.001 
Figure 14.- North window v ibra t ion  response f o r  8-707 takeoff. 
RESPONSE S ! G Y A T c l R E  F O R  5-34’? 
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Figure 15. North window v i b r a t i o n  response for 6-747 takeof f .  
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Figure 16.- North window v ibra t ion  response for 8-727 t a k e o f f .  
RESPONSE S I C V R T U R E  F Y N L C T O L  COMPOSITE 
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Figure 17.- North window v ibra t ion  composite response for conventional 
a i r c r a f t  takeof fs  . 
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